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(57) Abstract 

A system for transmission and recovery of original digital data includes an encoder, a transmitter, a receiver, a decoder, and an 
analog phase locked loop. The analog phase locked loop supplies a sender's clock to the transmitter and a receiver's clock to the receiver, 
where the sender's clock frequency is a first integer multiple of the system clock frequency, and the receiver's clock frequency is a second 
integer multiple of the sender's clock frequency within 0.1 % tolerance. In a normal flow situation, data frames arc output by the receiver 
in alternate cycles of the system clock. In an overflow situation, data frames are output by the receiver in consecutive cycles of the system 
clock. In an underflow situation, data frames are not output by the receiver in consecutive cycles of the system clock. 
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SYSTEM AND METHOD FOR HIGH-SPEED, SYNCHRONIZED DATA 

COMMUNICATION 

5 

BACKGROUND OF THE INVENTION 

Technical Field 

This invention relates to data communication systems. More particularly, this invention 
relates to the recovery using oversampling in a receiving system of digital data transmitted via a 
10 high-speed link. 

Description of Related Art 

As electronic and computer technology continues to evolve, communication of 
information among different devices, either situated near by or at a distance becomes 
increasingly important. For example, it is now more desirable than ever to provide for high 
15 speed communications among different chips on a circuit board, different circuit boards in a 
system, and different systems with each other. It is also increasingly desirable to provide such 
communications at very high speeds, especially in view of the large amount of data required for 
data communications in intensive data consuming systems using graphical or video information, 
multiple input-output channels, local area networks, and the like. 

20 It is particularly desirable to enable individual personal computers, workstations, or 

other computing devices, within which data is normally internally transferred using parallel data 
buses, to communicate with each other over relatively simple transmission lines. Such 
transmission lines typically include only one or two conductors, in contrast with the 64-bit and 
wider data paths within computing systems now commonly available. 

25 A communication system that includes oversampling is often utilized to recover data 

transmitted data. Such a system includes a receiver which samples the incoming serial data 
stream at a rate greater than the rate at which symbols (bits) are being transmitted. For example, 
in a three-times (3x) oversampling receiver, the incoming data stream is sampled at a rate 
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order to effectively implement such a receiver when the rate of data transmission is very high. 

One problem is the difficulty in handling overflow and/or underflow of incoming data at 
the receiving end. For example, usually the output of a 3x oversampler contains sets of three 
5 consecutive Is or 0s, but occasionally 4 or 2 consecutive Is or 0s may occur. Such overflow 
and/or underflow will occasionally occur, for example, when the frequency of the local clock of 
the transmission system is not in precise synchronization with the local clock of the receiving 
system, when there is jitter in the sampling clock, and so on. 

Other problems include difficulties in determining the correct symbol (bit) boundaries in 
10 the oversampled data stream and difficulties in determining the correct values of the symbols 
from the multiple samplings of each symbol. 

SUMMARY OF THE INVENTION 

The above described needs are met and problems are solved by the present invention. A 
system for transmission and recovery of original digital data includes an encoder, a transmitter, 

15 a receiver, a decoder, and an analog phase locked loop. The analog phase locked loop supplies a 
sender's clock to the transmitter and a receiver's clock to the receiver, where the sender's clock 
frequency is a first integer multiple of the system clock frequency, and the receiver's clock 
frequency is a second integer multiple of the sender's clock frequency within 0. 1% tolerance. In 
a normal flow situation, data frames are output by the receiver in alternate cycles of the system 

20 clock. In an overflow situation, data frames are output by the receiver in consecutive cycles of 
the system clock. In an underflow situation, data frames are not output by the receiver in 
consecutive cycles of the system clock. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is a block diagram of a communication system for transmission and recovery of 
25 digital data via a communication channel according to a preferred embodiment of the present 
invention. 

Fig. 2 is a block diagram of a transmitter within the communication system according to 
a preferred embodiment of the present invention. 
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present invention. 

Fig. 4 is a block diagram of an oversampler located in the receiving side of the 
communication system according to a preferred embodiment of the present invention. 

5 Fig. 5 is a timing diagram for the oversampler according to a preferred embodiment of 

the present invention. 

Fig. 6 is a block diagram of a digital phase locked loop (digital PLL) located in the 
receiving side of the communication system according to a preferred embodiment of the present 
invention. 

10 Fig. 7 is a diagram illustrating the mapping of the oversampled data to groups and 

phases within the digital PLL according to a preferred embodiment of the present invention. 

Fig. 8 is a diagram illustrating an example of data selection within the digital PLL 
according to a preferred embodiment of the present invention. 

Fig. 9 is a diagram illustrating the operation of data alignment within the digital PLL 
15 according to a preferred embodiment of the present invention. 

Fig. 10 is a block diagram of a frame aligner located in the receiving side of the 
communication system according to a preferred embodiment of the present invention. 

Fig. 1 1 is a diagram illustrating the operation of an aligned FIFO within the frame 
aligner according to a preferred embodiment of the present invention. 

20 Fig. 12 is a timing diagram illustrating the output from the frame aligner according to a 

preferred embodiment of the present invention. 

Fig. 13 is a diagram illustrating the usage of the various bits and ranges of bits in the 
aligned FIFO within the frame aligner according to a preferred embodiment of the present 
invention. 

25 Fig. 14 is a state diagram of the operation of the frame aligner 110. Four states are 

shown: 
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the graph arrows A-H in the state diagram of Fig. 14. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Overall System 

5 Fig. 1 is a block diagram of a communication system for transmission and recovery of 

digital data via a communication channel 101 according to a prefen-ed embodiment of the 
present invention. The communication system includes the channel 101, an encoder 102, a 
transmitter 104, a receiver 105, a decoder 1 12, and a phase locked loop (PLL) 1 14. The receiver 
105 includes an oversampler 106, a digital PLL 108, and a frame aligner 1 10. 

10 The channel 101 comprises a high-speed point-to-point link in a preferred embodiment 

of the present invention. Such a link includes a transmission line made from twisted pair, 
coaxial cable, or some other implementation of the physical layer. 

The encoder 102 receives original data to be transmitted (TX data) from a source (not 
shown). For example, the original data may be graphics data from a computer for display on a 

15 graphics monitor, and the encoder 102 may be embodied within a chip on a graphics card in the 
computer. In a preferred embodiment, the original data is received in parallel form from the 
source. The source may, for example, comprise of a graphics processor chip, or a bus of a 
workstation, server, or personal computer. The encoder 102 encodes the original data in order to 
make it more suitable for transmission over the channel 101. Such encoding may, for example, 

20 transform the data to incorporate error-correction capabilities, minimize transitions in the data to 
reduce electromagnetic interference, incorporate special signaling (such as synchronization 
characters), and so on. The encoded data may include more bits than the data before encoding. 
For example, the data before encoding may be organized in 8-bit frames (bytes). The encoding 
process may, for example, convert each of those 8-bit frames to 10-bit frames. In other 

25 embodiments, different encoding schemes may be employed, such as 8-to-9 bit encoding 

schemes, or encoding schemes from m bits to n bits. After the data is encoded, the encoder 102 
outputs the encoded data to the transmitter 104 for transmission over the channel 101. In a 
preferred embodiment, the transmitter 104 receives the encoded data in parallel form from the 
encoder 102 and converts the encoded data from parallel form to serial form for output as an 

30 encoded data waveform to the channel 101. In addition, in a preferred embodiment, the 

transmitter 104 receives a sender's clock signal from the PLL 1 14 in order to synchronize its 

4 
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encoded data waveform to the channel 101 in synchronization with the sender's clock signal. 

The receiver 105 receives the encoded data waveform from the channel 101 . Within the 
receiver 105, the encoded data waveform is received by the oversampler 106. In a preferred 
5 embodiment, the oversampler 106 also receives a receiver's clock signal from the PLL 1 14 in 
order to synchronize its operation with that of the transmitter 104. The oversampler 106 obtains 
an integer multiple number of samples per symbol from the encoded data waveform to generate 
an oversampled data stream, and so the receiver's clock signal which has a frequency that is an 
integer multiple of the frequency of the sender's clock signal In a preferred embodiment, the 

10 receiver's clock frequency is three times that of the sender's clock frequency to within a 
tolerance of 0.1%. For example, if the sender's clock is 100 MHz, then the receiver's clock 
would be 300 MHz. In other words, on average three samples are obtained per symbol from the 
encoded data stream. The oversampler 106 outputs the oversampled data stream to the digital 
PLL 108. The digital PLL 108 receives the oversampled data stream and extracts clock 

15 information from edges (data transitions from 1 to 0, or 0 to 1) in the oversampled data stream. 
In a preferred embodiment, the digital PLL 108 also generates left-aligned data frames and 
related flag information for output to the frame aligner 1 10. The frame aligner 1 10 receives the 
left-aligned data frames and the related flag information and outputs aligned data frames and 
output valid signal to the decoder 1 12. Finally, the decoder 1 12 receives the aligned data frames 

20 and output valid signal and decodes the aligned data frames to regenerate the original data and 
output the regenerated data as the received data (RX data). In a preferred embodiment, a liquid 
crystal display (LCD) controller chip receives the RX data from the decoder 1 12 and has the RX 
data displayed graphically on the display. 

Transmitter 

25 Fig. 2 is a block diagram of a transmitter 104 within the communication system 

according to a preferred embodiment of the present invention. The transmitter 104 includes a 
timing aligner 202, a data selector 204, a channel driver 206, and a signal level controller 208. 

Fig. 3 is a timing diagram for the transmitter 104 according to a preferred embodiment 
of the present invention. The signals shown in Fig. 3 include the system clock signal 302, the 
30 encoded parallel data signal 304, a first half clock delayed data signal 306, and data selector 
output signal 308. 
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receives the encoded parallel data signal 304 from the encoder 102, For purposes of illustration, 
the encoded parallel data signal 304 in particular includes 10-bit data frames with bits labeled 
D[0:9]. In this embodiment, the timing aligner 202 delays the last 5 bits of each data frame by 
5 half of a system clock cycle to generate the first half clock delayed data signal 306. 

The data selector 204 converts the encoded data from parallel to serial form. In this 
embodiment, both the parallel data signal 304 and the delayed data signal 306 are transferred to 
the data selector 204. The data selector 204 also receives the sender's clock signal from PLL 
1 14. The frequency of the sender's clock signal in this particular case is ten (10) times the 
10 frequency of the system clock signal 302. The data selector output signal 308 is synchronized to 
the sender's clock signal. 

The channel driver 206 receives the data selector output signal 308 and drives that signal 
onto the channel 101 in the form of an encoded data waveform. Signal level controller 208 
controls the strength of the encoded data waveform driven by the channel driver 206. 

15 Oversampler 

Fig. 4 is a block diagram of an oversampler 106 located in the receiving side of the 
communication system according to a preferred embodiment of the present invention. The 
oversampler 106 includes a channel impedance controller 402, a channel amplifier 404, a 
sampler 406, and a timing aligner 408. 

20 Fig. 5 is a timing diagram for the oversampler 106 according to a preferred embodiment 

of the present invention. The signals shown in Fig. 5 include the system clock signal 302, 
sampling timing signal 502, second half clock delayed data signal 504, a series of sample data 
signals 506-0, 506-1, 506-2, 506-(xn-2), and 506-(xn-l) (where n - the number of bits in a 
data frame of the encoded data, and x = a multiplier due to the oversampling), and timing 

25 aligner output signal 508. In the particular example shown in Fig. 5, n = 10, x = 3 (for 3x 
oversampling), so xn = 30. 

The channel impedance controller 402 allows adjustments to be made to the input 
impedance of the receiver 105 so that the input impedance matches the channel impedance. The 
channel amplifier 404 receives the encoded data waveform and amplifies and/or shifts it so that 
30 the sampler 406 can better sense the features in the waveform. 
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amplifier 404 and the receiver's clock signal from the PLL 1 14. In the particular example 
illustrated in Fig. 5, the receiver's clock signal would have a frequency 30 times that of the 
system clock signal. The sampler 406 takes samples of the amplified waveform at a sampling 
5 frequency corresponding to the receiver's clock frequency. Thus, in a single system clock cycle, 
thirty (30) samples are taken in this particular case. These 30 samples are shown as SO through 
S29 in the sampling timing signal 502, and the 30 samples correspond to a single oversampled 
data frame. 

For the sampler 406 whose operation is illustrated in Fig. 5, the sampler 406 holds the 
10 sampled data for a duration of a half cycle of the system clock 302 and precharges circuits for a 
duration of the other half cycle. This is illustrated by the series of sample data signals 506-0, 
506-1, 506-2, 506-28, and 506-29 in Fig.. 5. Therefore, for this sampler 406, it is needed for 
a device to hold the sampled data for a duration of the other half cycle. Such a device is the 
timing aligner 408. The timing aligner 408 holds the first half of the oversampled data frame 
15 (i.e. the first 15 of the 30 samples in this particular case) for the other half cycle. The timing 
aligner 408 also synchronizes the entire oversampled data frame and also outputs 508 the entire 
oversampled data frame beginning at the next cycle of the system clock signal 302. 

Digital PLL 

Fig. 6 is a block diagram of a digital phase locked loop (digital PLL) 108 located in the 
20 receiving side of the communication system according to a preferred embodiment of the present 
invention. One function of the digital PLL 108 is to extract clock information, such as phase 
information, from the oversampled data stream 702. The digital PLL 108 includes an edge 
extractor 602, an edge counter 604, a data select controller 606, a data delay device 608, a data 
selector 610, a last 1-bit delay 612, and a data left-side aligner 614. Fig. 7 is a diagram 
25 illustrating the mapping of an oversampled data stream 702 to groups 706 and phases 704 within 
the digital PLL 108 according to a preferred embodiment of the present invention. 

A current oversampled data stream 702 is received by the data delay device 608. The 
data delay device 608 holds the current oversampled data stream 702 and makes the current 
oversampled data stream 702 available to the data selector 610 until the data select controller 
30 606 has determined the data selection position. The last 1-bit delay device 612 holds the last bit 
sample S29 from the previous oversampled data stream 702 and makes the last bit sample S29 
available to the data selector 610 until the data select controller 606 has determined the data 
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device 612 replaces the last bit sample S29 from the previous oversampled data stream 702 with 
the last bit sample S29 from the current oversampled data stream 702. 

Fig. 8 is a diagram illustrating an example of data selection within the digital PLL 108 
5 according to a preferred embodiment of the present invention. A current oversampled data 
stream 802 is received by the edge extractor 602 from the oversampler 106. The edge extractor 
602 determines the locations of data transitions (edges) within the current oversampled data 
stream 802 and outputs an edge extractor signal 804. The edge extractor signal 804 has a value 
of one at locations where edges are found and has a value of zero elsewhere (where no edges are 

10 found). The edge counter 604 receives the edge extractor signal 804 and determines the phase 
806 of any edge in each group of the current oversampled data stream 802. The edge counter 
604 counts the number of edges with each phase. For a 3x oversampling system, the edge 
counter 604 counts the number of edges in phaseO (edgeO), phase 1 (edgel), and phase2 (edge2). 
The data select controller 606 uses phase information about the edges from the edge counter 604 

15 to determine a data selection position. For the example shown in Fig. 8, the data selection 
position is phase2. The data selector 610 uses the data selection position from the data select 
controller 606 to select a received data stream 812 from the current oversampled data stream 
802. 

Fig. 9 is a diagram illustrating the operation of data alignment within the digital PLL 108 
20 according to a preferred embodiment of the present invention. The data left-side aligner 614 
receives as input 902 the last sample bit 803 [S29] from the last 1-bit delay device 612 and 
receives the received data stream 812 [D0:D9] from the data select controller 606. In this 
embodiment, the received data stream 812 comprises 10 bits [D0:D9]. In this embodiment, the 
data left-side aligner 614 generates as output 904 eleven data bits [Y0:Y10] and 2 flag bits [V9 
25 and V10]. In this embodiment, the eleven data bits and the two flag bits are determined as 
follows. 

If the data selection position 8 10 for the previous oversampled data stream was phaseO 
[P0] and the data selection position 8 10 for the current oversampled data stream 802 is phase2 
[P2], then, as shown by line 906, Y0 = S29, Yl = DO, Y2 = Dl, Y3 = D2, Y4 = D3, .. ., Y9 = 
30 D8, and Y10 = D9, and V9 = V10 = 1. V9 and V10 represent valid bits for data bits Y9 and 

Y10, respectively. In this case, V9 and V10 both being one indicates that Y9 and Y10 both hold 
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bit in the received data stream 812. 

On the other hand, if the data selection position 810 for the previous oversampled data 
stream was phase2 [P2] and the data selection position 8 10 for the current oversampled data 
5 stream 802 is phaseO [P0], then, as shown by line 908, Y0 = Dl, Yl = D2, . . Y7 = D8, and Y8 
= D9, and V9 = V10 = 0. In this case, V9 and VI 0 both being zero indicates that neither Y9 nor 
Y10 hold a valid data bit. Furthermore, in this case, DO is discarded in order to remove a 
duplicated bit in the received data stream 812. 

Finally, in other cases that do not fall into the two above-described situations, then, as 
10 shown by line 910, Y0 = DO, Yl = Dl, Y8 = D8, and Y9 = D9, and V9 = I, and V10 - 0. 
For these cases, V9 being one indicates that Y9 holds a valid bit, but V 10 being zero indicates 
that Y10 does not hold a valid bit. 

Frame Aligner 

Fig. 10 is a block diagram of a frame aligner 1 10 located in the receiving side of the 
15 communication system according to a preferred embodiment of the present invention. The 
frame aligner 1 10 includes an aligned FIFO (first in first out) 1002, a data delay 1004, a frame 
selector 1006, a sync pattern finder 1008, and a frame controller 1010. 

Fig. 1 1 is a diagram illustrating the operation of an aligned FIFO 1002 within the frame 
aligner 1 10 according to a preferred embodiment of the present invention. The aligned FIFO 
20 1002 receives the output 904 (including 1 1 data bits [Y0:Y10] and 2 flag bits [V9 and V10]) 
from the data left-side aligner 614. In this embodiment, the aligned FIFO 1002 also contains 21 
bits of data previously received from the data left-side aligner 614. 

In the particular instance illustrated in Fig. 1 1, the previous" data in aligned FIFO 1002 
is shown in line 1 102 and includes the following 32 bits: A9; B0-B9; C0-C9; and D0-D10. The 

25 "next" data in aligned FIFO 1002 are shown by line 1 104 and are designated as the 32 bits X0- 
X31. The contents of the 32 bits X0-X31 depend upon the values of the two flag bits [V9 and 
V10] accompanying the 1 1 previous data bits DO-D10. If V9 and V10 were both zero, then D9 
and D 10 are not valid, so the next data in aligned FIFO 1002 are shown by line 1 106. In this 
first case, the previous data in the aligned FIFO 1002 are shifted to the left by 9 bit places, and 

30 then the last 1 1 bit places X21-X3 1 are overwritten with newly received 1 1 data bits E0-E10. 

On the other hand, if V9 = 1 and V10 = 0, then D9 is valid, but D 10 is not, so the next data in 

9 
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FIFO 1002 are shifted to the left by 10 bit places, and then the last 1 1 bit places X21-X31 are 
overwritten with newly received 1 1 data bits E0-E10. Finally, if V9 and V 10 are both one, then 
D9 and D10 are both valid, so the next data in aligned FIFO 1002 are shown by line 1 1 10. In 
5 this third case, the previous data in the aligned FIFO 1002 are shifted to the left by 1 1 bit places, 
and then the last 1 1 bit places X21-X31 are overwritten with newly received 1 1 data bits E0- 
E10. 

Fig. 12 is a timing diagram illustrating the output from the frame aligner 1 10 according 
to a preferred embodiment of the present invention. Fig. 13 is a diagram illustrating the usage 
10 of the various bits and ranges of bits in the aligned FIFO 1002 within the frame aligner 1 10 
according to a preferred embodiment of the present invention. 

The contents of the aligned FIFO 1002 are received by both the sync pattern finder 1008 
and the data delay device 1004. 

The data delay device 1004 selectively delays the contents of the aligned FIFO 1002 
15 depending on the possible overflow or underflow situations. The data delay device 1004 

outputs (possibly delayed) X0-X31 to the frame selector 1006. The frame selector 1006 selects 
a frame for output by the frame aligner 1 10. The frame is 20 bits wide and begins at a bit 
pointed to by a frame pointer. The frame pointer must lie within the frame pointer range 1304 
of X0 to X10. Since the frame pointer range 1304 is from X0 to X10, and the frame is 20 bits 
20 wide, the window 1308 from which a frame may be possibly selected is from X0 to X29, 

The sync pattern finder 1008 searches for a synchronization (sync) pattern within the 
contents of the aligned FIFO 1002. In this embodiment, a frame may be aligned with a single 
sync pattern which is 10 bits wide. Such an alignment would be desirable if misalignment 
occurs during communication. Since the frame pointer range 1304 is from X0 to X10, and the 
25 sync pattern is 10 bits wide, the window 1306 over which a sync pattern must be search is from 
X0 to X19. 

If a sync pattern is found by the sync pattern finder 1008, then the frame is realigned by 
the frame controller 1010 sending a signal to have the frame selector 1006 change the frame 
pointer to a position which is dependent upon the start position of the sync pattern. In addition, 
30 the frame controller 1010 sends an output invalid signal to the decoder 1 12. On the other hand, 
if a sync pattern is not found, then the frame controller 1010 causes the frame selector 1006 to 
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addition, the frame controller 1010 sends an output valid signal to the decoder 1 12 when 20 bits 
of valid data are ready to be sent to the decoder 1 12.. 

The output from the frame aligner 1 10 is synchronized with the system clock signal 
5 1202. In a normal case 1204, 20 bits of valid data are generated in every other cycle of the 

system clock. Fig. 12 shows the output valid signal 1204A and the output data signal 1204B by 
the frame aligner 1 10 for this normal situation. However, if the clock frequency of the 
transmitter is higher than that of the receiver, then once in a while an overflow case 1206 occurs. 
In an overflow case 1206, 20 bits of valid data are generated in two consecutive cycles of the 
10 system clock. Fig. 12 shows the output valid signal 1206A and the output data signal 1206B for 
this overflow situation. Furthermore, if the clock frequency of the receiver is higher than that of 
the transmitter, then once in a while an underflow case 1208 occurs. In an underflow case 1208, 
a delay of two consecutive cycles of the system clock is introduced so that the transmitter may 
"catch up" to the receiver. Fig. 12 shows the output valid signal 1208 A and the output data 
15 signal 1208B for this underflow situation. 

Fig. 14 is a state diagram of the operation of the frame aligner 1 10. Four states are 
shown: SO for normal flow and invalid output; SI for normal flow and valid output; S2 for 
overflow and valid output; and S3 for underflow and invalid output. Example transitions 
between states are also shown by the various arrows A to H. 

20 Fig. 15 is a table including information regarding the example transitions represented by 

the graph arrows A-H in the state diagram of Fig. 14. The table includes values for the current 
flags V9 and V 10, the current frame pointer, the next frame pointer, and the next valid bit. 

The above description is included to illustrate the operation of the preferred 
embodiments and is not meant to limit the scope of the invention. The scope of the invention is 
25 to be limited only by the following claims. From the above discussion, many variations will be 
apparent to one skilled in the art that would yet be encompassed by the spirit and scope of the 
inventioa For example, it would be relatively straightforward to extend the technique from 3x 
oversampling to arbitrary times oversampling. 
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CLAIMS 

What is claimed is: 

L A system for transmission and recovery of original digital data, the system including: 

5 (a) an encoder for receiving the original digital data and encoding the original digital 

data to form encoded data frames, and for outputting the encoded data frames; 

(b) a transmitter for receiving the encoded data frames, forming an encoded data stream, 
and transmitting the encoded data stream to a channel; 

(c) a receiver for receiving the encoded data stream from the channel, the receiver 
10 including 

(1) an oversampler for oversampling the encoded data stream to form an 
oversampled data stream, 

(2) a digital phase locked loop for receiving the oversampled data stream, 
extracting clock information from the oversampled data stream, and generating selected 

15 data from the oversampled data stream using the clock information, and 

(3) a frame aligner for generating encoded data frames using the selected data; 

(d) an analog phase locked loop for receiving a system clock signal having a system 
clock frequency, supplying a sender's clock signal having a sender's clock frequency to the 
transmitter, and supplying a receiver's clock signal having a receiver's clock frequency to the 

20 receiver, where the sender's clock frequency is approximately a first integer multiple of the 
system clock frequency, and where the receiver's clock frequency is approximately a second 
integer multiple of the sender's clock frequency; and 

(e) a decoder for receiving the encoded data frames from the frame aligner and for 
decoding the data frames to recover the original digital data. 

25 2. The system of claim 1 , wherein the receiver's clock frequency is approximately the 
second integer multiple of the sender's clock frequency with less than 0. 1% tolerance. 
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integer multiple is at least three. 

4. The system of claim 1 , where the original digital data comprises digital data for display 
as images on a screen. 

5 5. The system of claim 1 , wherein (b) the transmitter includes: 

(1) a timing aligner for receiving the encoded data frames in parallel from the encoder 
and delaying a portion of each of the encoded data frames by a fraction of a cycle of the system 
clock signal; 

(2) a data selector for serializing the encoded data frames to form the encoded data 
10 stream which is synchronized with the sender's clock signal; and 

(3) a channel driver for driving the encoded data stream to the channel. 

6. The system of claim 5, where the fraction of the cycle of the system clock signal is one 
half of the cycle of the system clock signal. 

7. The system of claim 5, further including: 

15 a signal level controller coupled to the channel driver for determining a signal strength at 

which the channel driver drives the encoded data stream to the channel. 

8. The system of claim 5, where the portion each of the encoded data frames is a latter half 
of each of the encoded data frames. 

9. The system of claim 5, where the fraction of the cycle of the system clock signal is one 
20 half of the system clock signal. 

10. The system of claim 1 , wherein (c)( 1 ) the o versampler includes: 

(i) a channel amplifier for receiving the encoded data stream from the channel and for 
amplifying a signal strength of the encoded data stream; 

(ii) a sampler for receiving the receiver's clock signal and for oversampling the encoded 
25 data stream at the receiver's clock frequency to form samplings in a first number of detect cells, 

where the first number equals a product of the first integer multiple and the second integer 
multiple; and 
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holding the first portion of the samplings while corresponding detect cells are precharged, and 
for outputting the samplings in parallel to the digital phase locked loop. 

1 1 . The system of claim 10, wherein (c)(1) the oversampler further includes: 

5 (iv) a channel impedance controller for adjusting an input impedence of the receiver at the 
sender's clock frequency. 

12. The system of claim 10, where the first portion of the samplings comprises a first half of 
the samplings. 

13. The system of claim 10, where the first number is at least thirty. 
10 14. The system of claim 1, wherein (c)(2) the digital PLL includes: 

(i) an edge extractor for generating a signal indicating positions of data transitions in the 
oversampled data stream; and 

(ii) a data select controller for determining a phase at which to select data from the 
oversampled data stream. 

15 15. The system of claim 1 wherein (cX3) the frame aligner includes: 

(i) a sync pattern finder for determining if the oversampled data stream contains a 
predetermined sync pattern. 

16. The system of claim 1, wherein the receiver normally outputs encoded data frames 
during alternate cycles of the system clock signal. 

20 17. The system of claim 16, wherein in an overflow situation, the receiver outputs encoded 
data frames during two consecutive cycles of the system clock signal. 

18. The system of claim 16, wherein in an underflow situation, the receiver refrains from 
outputting encoded data frames during two consecutive cycles of the system clock signal. 

19. A method for high-speed communication of digital data including: 
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signal, where the sender's clock signal is a first integer multiple of the system clock signal, and 
the receiver's clock signal is a second integer multiple of the sender's clock signal; 

receiving the digital data; 

5 encoding the digital data to generate encoded data frames; 

forming an encoded data stream from the encoded data frames; 

transmitting the encoded data stream to a channel in synchronization with the sender's 
clock signal; 

receiving the encoded data stream from the channel in synchronization with the 
10 receiver's clock signal; 

generating encoded data frames from the encoded data stream; and 

decoding the encoded data frames to regenerate the digital data. 

20. A method for high-speed communication of digital data including: 

inputting the digital data to a transmitter, where during each cycle of a system clock 
15 signal one predetermined portion of the digital data is input; 

transmitting the digital data as a waveform from the transmitter to a channel, where 
during each cycle of the system clock signal one predetermined portion of the digital data is 
transmitted. 

receiving the waveform from the channel to a receiver; 

20 oversampling the waveform to generate an oversampled data stream; 

determining the digital data from the oversampled data stream; and 

outputting the digital data from the receiver, where normally two predetermined portions 
of the digital data are output during each alternate cycle of the system clock signal, where for 
overflow situations the digital data is output during consecutive cycles of the system clock, and 
25 where for underflow situations no digital data is output during consecutive cycles of the system 
clock. 
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